The article presents a mixed methods study on clicker interventions conducted in collaboration with four philosophy teachers at fourteen university lectures. The aim was to examine how feedback from the interventions were received and used by teachers and students. The data material comprises a quasi-experiment based on 6,772 student responses, student logs, a student survey and semi-structured interviews with the teachers. Findings show that students experience feedback that supports their self-monitoring and understanding of the content, and that the peer discussions enhanced student performance. The teachers also experienced an increased awareness of the students' understanding of the topics. Yet, the findings indicate a gap between the reception and use of the feedback.
Introduction
Lecturing large student groups makes it difficult to involve and engage students in situ. If the teacher poses questions during the lecture, many students will refrain from raising their hands out of fear of being publicly embarrassed (Caldwell, 2007; Krumsvik, 2012) . Consequently, the teacher gets answers from only a few brave students, and these answers may not be representative of the student group. This article focuses on the use of a Student Response System (SRS) as a means to making university lectures more interactive. A major advantage of using SRS is that it enables the teacher to ask questions and collect answers from the whole student group anonymously (Krumsvik, 2012) . During the lecture, the teacher can pose topic-related multiple-choice questions on a big screen permitting the students to answer using a wireless hand-held device called a "clicker". The student answers can then be presented in a histogram for the teacher and students to see. The use of this technology is often combined with peer discussions, using the "classic" or the "peer instruction" approach (Nielsen, Hansen, & Stav, 2016) . In the "classic" approach, students are asked a question which they then discuss with their peers before answering individually. In the "peer instruction" approach, the students are asked a question that they answer individually before they discuss their answers with their peers and re-answer the same question. In both cases, the teacher usually follows up on the student answers in a plenary discussion.
This article presents a study of such clicker interventions seen through the lenses of formative feedback in the context of large lectures in Examen philosophicum. This is a mandatory philosophy course for first-year students enrolling at Norwegian universities, introducing the academic way of thinking, working and writing, and philosophical perspectives on academic culture and formation, and key issues in the discipline the students are studying.
Studies have shown that formative assessment and feedback practices can improve student learning and instruction (Evans, 2013; Hattie & Timperley, 2007) , and that clicker interventions provide students with an opportunity to reflect on their own understanding and to receive feedback from their peers and the teacher (Egelandsdal & Krumsvik, 2015; Krumsvik, 2012; Krumsvik & Ludvigsen, 2012; Ludvigsen, Krumsvik, & Furnes, 2015) . Clicker interventions have also been found to have an immediate positive effect on student achievement (Crouch & Mazur, 2001; Mazur, 1997; Rao & DiCarlo, 2000; E. L. Smith, Rice, Woolforde, & Lopez-Zang, 2012; M. K. Smith et al., 2009; Chien, Chang, & Chang, 2016; M. K. Smith, Wood, Krauter, & Knight, 2011; Zingaro & Porter, 2014) . Furthermore, teachers can also receive feedback on their teaching. By collecting student answers during the lecture, the teacher receives immediate feedback on the number of students who have understood the material (Lantz, 2010) .
Experiencing feedback and acting on it, however, is not necessarily correlated. In the research literature there are several examples of students failing to make use of feedback in their coursework -often referred to as "the feedback gap" (Evans, 2013; Jonsson, 2013) . Most studies on clickers are typically small scale, focusing on the students' activities in the classroom and immediate outcomes. Little attention has been paid to how clicker interventions affect the students' coursework between the lectures and how the teachers experience and use feedback from clicker interventions. To get a broad picture of how such interventions affect both students and teachers, it is important to look at the relationship between the reception of and the use of feedback. Hence, the purpose of the study presented in this article is to gather data on how feedback from the clicker interventions is received and used by students and teachers, drawing on both qualitative and quantitative sources.
Using design-based research, we teamed up with four teachers that we followed in 14 lectures given to first-year students at the beginning of their first semester. The study was designed to answer the following questions: 1. How do the students perceive and use feedback from the clicker interventions? 2. Do peer discussions improve student performance on clicker questions and how do the students perceive the discussions? 3. How do the teachers perceive feedback from the clicker intervention and for what purpose(s) do the teachers consider the feedback useful?
Previous research
Although studies have found that feedback from clicker interventions raises students' awareness of their understanding of a subject (Krumsvik & Ludvigsen, 2012; Ludvigsen et al., 2015; Egelandsdal and Krumsvik 2015) , whether and how students use feedback from clicker interventions are hard to find. One exception is Ludvigsen et al. (2015) , who interviewed six students on this issue. The students claimed that they used the feedback to discuss difficult concepts with their peers, adjust and focus their reading, and identify difficult topics that they needed to explore further.
Several studies have shown that peer discussion increases the number of students answering correctly when the same clicker question is re-answered after discussion (Crouch & Mazur, 2001; Mazur, 1997; Rao & DiCarlo, 2000; E. L. Smith et al., 2012; M. K. Smith et al., 2009; Vickrey, Rosploch, Rahmanian, Pilarz, & Stains, 2015) . M. K. Smith et al. (2009), Porter, Bailey Lee, Simon, and Zingaro (2011) and Egelandsdal and Krumsvik (2016) have found that this improvement also transfers to new cases by posing a second clicker question on the same topic with the same level of difficulty as the first question after peer discussion. In these studies, the amount of students answering correctly to the second question increases notably from the amount answering correctly to the first question asked before discussion. Nevertheless, studies have also shown that clicker results can sometimes misrepresent students' understanding (James & Willoughby, 2011; J. K. Knight, Wise, Rentsch, & Furtak, 2015; Wood, Galloway, Hardy, & Sinclair, 2014) , which illustrates the importance of the teacher following up students' answers and asking them to explain their choices, to get a deeper understanding of their perspectives.
University teachers, as experts in their fields, have a wide range of experiences to draw upon when planning a lecture. First-year students, on the other hand, who are venturing into a new academic domain for the first time, have a more limited horizon of understanding. Schwartz and Bransford (1998) found that lecturing can be an effective form of instruction when students are engaged in pre-lecture learning activities that help them develop differentiated knowledge about the topics of the lecture. Interpretations of their findings suggest that these activities made the students more receptive of the information from the lecture; helping them sort out and focus on the most relevant features. This shows that students' prior understanding has a big impact on the learning outcome from a lecture -in other words, it is important that the lecture address questions that the students are able to ask. Hrepic, Zollman, and Rebello (2007) compared how students and experts (physics instructors) perceived information presented in a videotaped lecture. Both groups were given a pre-test, and were asked to determine if and when the same questions were addressed in the lecture. Their findings show that the experts found questions addressed more frequently and thoroughly than the students did. This illustrates how the asymmetric level of understanding between the teacher and students can become a challenge in the planning of lectures. Seen through the lens of formative assessment, the feedback from the clicker interventions can provide the teacher with an opportunity to correct misconceptions and address difficult topics synchronously during the lecture, as well as asynchronously in the planning of future lectures (Black & Wiliam, 2009 ). For instance, D'Inverno, Davis, and White's (2003) experienced students' answers to clicker questions as revealing "very deep and important gaps in (their) understanding" -showing that the students' learning needs were at a more fundamental level than what had been assumed. This challenged the teachers to change their teaching based on the student response. In a lab-based study, Anderson, Healy, Kole, and Bourne (2011) found that feedback from clicker interventions also helped save teaching time since the teacher could focus on the most relevant topics for the students' current level of understanding. Kolikant, Drane, and Calkins (2010) followed and interviewed three university teachers who used SRS in their classes (in mathematics, physics and engineering). They experienced that SRS helped them assess the students' understanding and address misconceptions. One of the teachers stated that she had previously weighted the various parts of the content equally, but that the use of clickers had made her devote different amounts of time and attention to the topics based on the needs of the students.
Research design and methods
The study was conducted at three different faculties, faculty of law, faculty of psychology and faculty of social sciences, and comprised of first year students enrolled in various programmes at these faculties. In collaboration with four teachers using clicker interventions for the first time we conducted clicker interventions in lectures on "history of philosophy", "ethics", and "language and argumentation" as part of the course examen philosophicum.
To conduct the interventions we used a response system from from Turning Technologies. The hardware of this system consisted of wireless handheld devices ("clickers") designed for the students to answer multiple choice questions and a receiver that could be connected to the laptop of the lecturer. The software allowed the lecturers to integrate clicker questions for the students to answer in PowerPoint slides.
The interventions were planned using a design-based research approach. Design-based research is characterized by advancing design, research and practice concurrently to try out and study instructional designs in real educational contexts (Collins, Joseph, & Bielaczyc, 2004; Wang & Hannafin, 2005) . The instructional design in the study used the peer instruction approach (described below in 2.2). We provided the teachers with the instructional design, advice on how to construct the clicker questions, the student response system (including 500 clickers) and technical support. The teachers were responsible for the content of the lecture and creating the clicker questions. The student population comprised first-year students attending the fourteen lectures during which the clicker interventions were implemented. Clickers were distributed to all students present at each lecture. The average attendance was 193 students per lecture. In each lecture, two to three clicker interventions were conducted, and a total of 35 interventions were conducted over the 14 lectures.
To study the interventions a Mixed Methods Design was used where qualitative and quantitative data were collected both concurrently and sequentially: (QUAN + QUAL) => QUAL + quan (Johnson & Christensen, 2016) . In the first phase, data was collected concurrently through the quasi-experimental interventions (N: 871 1 ) and the students writing logs (N: 23) about their experiences. In the second phase after the interventions, the teachers (N: 4) were interviewed about their experiences. These semi-structured interviews were (sequentially) informed by the findings from the data collected through the quasi-experiments and student logs. We were also granted access to parts of an evaluation survey (N: 403) on the students' experience of the intervention at the end of the semester. Table 1 Design of the study 1. This number is based on the largest number of students answering a clicker question for each student group. The amount of students answering each question during a lecture varied.
Aim
To explore the use of an instructional design using a Student Response System (SRS) for the purpose of promoting formative feedback at several large university lectures.
Main question
How is feedback resulting from clicker interventions in ex.phil. lectures received and used by teachers and students?
Research question 1. How do the students perceive and use feedback from the clicker interventions? 2. Do peer discussions improve student performance on clicker questions and how do the students perceive the discussions? 3. How do the teachers perceive feedback from the clicker intervention and for what purpose(s) do the teachers consider the feedback useful?
The instructional design and quasi-experiment:
Structure: Short lecture -Q1 -peer discussion -Q1ad -teacher follow-up
In the interventions, the teachers (1) first posed a clicker question (Q1) after a short lecture on a topic that the students answered individually. To avoid the majority answer affecting students' responses, the class results were hidden from the students (Perez et al., 2010) . The students were then allowed to (2) discuss their answers for two minutes before re-answering the same question (Q1ad) again. The purpose of the quasi-experiment was to measure the change in correct responses between Q1 and Q1ad.
(3) The student answers were then displayed for the students and teacher, and the teacher followed up on the student answers by asking them to explain their reasoning and providing them with his own explanations. We identified three main types of questions that the teachers used in the interventions: 6 recall questions, 14 evaluative questions and 15 case questions. The recall questions required the students recall facts. The evaluative questions required the students use their understanding of content to assess the correctness of various claims. The case questions required the students use their understanding of content to interpret a case and select the appropriate answer. See examples of the three question types in Table 2 . 
Analysis
The data from the different sources were analysed separately. The data from the quasiexperiments were analysed by comparing the difference in the numbers of students answering Q1 and Q1ad correctly. We also calculated the average difference for each group and for all interventions. The survey was analysed descriptively and presented in a histogram. The semi-structured interviews were fully transcribed. Both the interviews and the student logs were first analysed for meaning categorization and meaning condensation in Nvivo. This categorization was based on the statements of the teachers and students that were related to how they perceived the interventions as a whole, how they experienced various parts of the interventions and their activities related to the interventions between the lectures.
Population
First year students at the University of Bergen attending ex.phil.-lectures on "language and argumentation", "ethics" and "history of philosophy" and their teachers.
Data collection Mixed-methods design
Quasi-experiments (N: 871 students) Student logs (N: 23) Student survey (N: 403) Semi-structured interviews (N: 4 teachers)
Recall Evaluation Case

Findings
As illustrated in Table 3 , the findings are presented in conjunction with the three research questions. Table 3 Data presented in conjunction with the three research questions Student perception and use of feedback from the clicker interventions
Student perception of feedback from the clicker interventions
The survey (see Table 4 ) shows that 71 percent of the students (N: 397) experienced the number of clicker interventions to be suitable, while 20 percent of the students experienced the number as too few, and 5 percent experienced the number as too many. A total of 92 percent of the students (N: 400) experienced the clicker lectures as more entertaining than the lectures without clickers. Few students (4 percent) experienced the use of clickers as diverting the focus away from the content of the lecture; 83 percent disagreed with a statement that it diverted focus (N: 397). These findings show that the students in general had a positive experience of the clicker interventions. The 23 students writing logs also reported mostly positive experiences with the interventions. Only one of them wrote that she was uncertain of whether the interventions were worth the interruptions to the lecture. This student was particularly unhappy with the time the interventions took and the noise they generated. Another student with reduced hearing stated that she did not benefit from the peer discussions because of the noise in the auditorium when everyone was having a discussion at the same time. She stated, however, that she still found the interventions useful for reflecting on her own understanding, and that they made her feel more engaged and helped her to remember details from the lectures better. In terms of feedback, the majority of students perceived the clicker interventions as useful for both self-monitoring and enhancing their content understanding. As illustrated in Figure 1 , 86 percent of the students (N: 400) experienced the clicker lectures making them more aware of their own understanding than the lectures without clickers, and 76 percent of the students (N: 403) experienced learning more from the clicker lectures than the lectures without clickers. As shown in Table 5 , the students reported several benefits from the clicker interventions in their logs. The students experienced the interventions contributing to increasing attention, participation, engagement and motivation. Several of the students also experienced receiving feedback supporting their self-monitoring and understanding of the content. Several of the students wrote that they valued the interventions because they were able to test their understanding on specific examples, as opposed to traditional lectures where the teacher simply provides them with "correct information". Combining the questions with peer discussions creates two situations where the students need to use their understanding actively -first by answering and reflecting on the question individually and then by explaining their answer in the peer discussions. Twelve students concluded that the interventions helped improve their understanding of the content. They related this to either (1) increased retention or (2) better understanding of the topic. In the first case, the students wrote that the interventions made it easier to remember important information and details from the lecture. Others claimed that they remembered the parts where the "clickers" were used best.
Increased attention 17
Feedback: self-monitoring 15
Feedback: content understanding 12
Increased participation 10
Increased motivation 9
Increased engagement 7
In the second case, several students wrote that the interventions strengthened their content understanding beyond simple recall of information. Some students emphasized that they benefited from working so thoroughly with the topics in the interventions. One student stated that her experience was that interventions had helped her understand a chapter she had been struggling with when preparing for the lecture. Another student experienced the difference between various concepts becoming clearer. Similarly, some students found that the content of the lecture was more structured compared to other lectures because of the interventions.
Fifteen of the students wrote that the interventions made them more aware of their own understanding. These students emphasized that the interventions helped them identify concepts they did not understand, discover and correct misunderstandings, and confirm what they had understood.
Student use of the feedback from the clicker interventions
Only sixteen out of twenty-three students answered the questions about how they used the information from the interventions after the lectures. Eleven students wrote that they used the feedback while six students wrote that they did not use it. Assuming that the remaining students did not use the feedback either, this indicates a split in the student group on whether the students apply the feedback in their coursework.
The six students who explicitly wrote that they did not use the information gave different explanations for this. A couple of students wrote that they did not use the information because they had not started working actively with the material towards the exams yet (the lectures were held early in the semester). One student stated that she had not used the feedback because she had worked with the texts in other ways. Two students wrote that they found the interventions useful for focusing better, becoming more engaged and improving their content understanding, but that they did not think about, or use, the information afterwards. One student claimed that she remembered the cases from the clicker questions so well that she did not feel a need to look at them in her own coursework. This student related the question about "using information from the clicker interventions" to using the questions for repetition. Although she wrote that she considers the interventions useful for testing her understanding, she did not relate this to her own coursework. Hence, it is hard to know whether the interventions were used more or less unintentionally by the student when studying. Table 6 , the students who wrote that they used the feedback made use of it in three different ways; (1) they use the clicker questions in their coursework; (2) they discussed the clicker questions with their peers; and (3) they changed their study focus in light of the information from the interventions.
Three of the students who used the clicker questions in their coursework wrote that they looked up and used the questions when studying. They stated that using the clicker questions made the subject easier to understand and organize. Three other students wrote that they reflected on the questions while reading without physically going back and looking at Changed the study focus 3 the questions. In both cases, it seems that the students used the questions as points of reference for their understanding of the course material. Moreover, students who stated that the interventions were useful for creating discussions about the content with their friends emphasized that this made them more aware of the different concepts.
The students who wrote that they used feedback from the interventions used it to adjust their study focus. One student wrote that she worked actively with different concepts and with questions from the lecture, and adjusted her focus based on this information. Another student stated that she used the information about her own understanding from the lectures to restructure her notes. She also read more about qualitative methods because the content reminded her of that.
Another student concluded that she did not need to read more about a topic because of the interventions. If the student has truly understood the topic, this might be a valid conclusion. On the other hand, this illustrates that answering questions correctly also might lead or mislead students into becoming overly confident in their own understanding if the questions are too narrow or too easy and fail to represent the depth and complexity of the topic. Table 7 Percentage of correct answers to the clicker questions pre-and post-discussion for each intervention.
The peer discussions and clicker questions
Intervention
Topic Question type
Q1 correct answers (n)
Q1ad correct answers (n)
Change in correct answers:
Q1ad -Q1 As shown in Table 7 , the peer discussions did indeed improve student performance on clicker questions. The average improvement for all 35 interventions between the pre-(Q1) and post-discussion question (Q1ad) was 10 percent. When controlling for the type of questions asked, we find no difference in the average improvement between the evaluative questions (9 %) and case questions (9 %), while the improvement on the recall questions (15.5 %) is 6.5 percent higher; however, only six questions of this type were posed. Looking at each question pair, we also find that the students' answers varies between showing no improvement and an improvement of 30 percent post-discussion. This shows that some questions do yield higher improvement rates than others. Peer discussions might also support the students' learning process in ways that do not necessarily result in immediate effects. Several students wrote that the discussions provided an opportunity for reflection and active engagement with the content and with their peers. They stated that they learned from both listening to other students' explanations and from explaining their own opinions. One student wrote that the peer discussions and plenary session helped her gain a deeper understanding because the interventions made her look at the content from different angles. Both the peer discussions and the follow-up phase make different voices in the student group emerge. This might create an opportunity for the students to distance themselves and critically assess their own understanding based on other voices having a variety of perspectives. The discussions also made it clearer for some of the students why they decided on a specific answer in retrospect.
One student wrote, however, that she changed from a correct answer to an incorrect answer because of the discussion. This experience is in line with studies that have found that correct answers do not automatically imply correct understanding. Although changing from a correct to an incorrect answer negatively affects the clicker statistics, this does not mean that peer discussions are damaging or that the student has no understanding of the topic. Answering clicker questions correctly is not an end in itself, but part of the student's learning process.
Based on the log data, the students deemed the relationship between the lecture and the questions as good, but some questions were criticized for being too easy. Some of the students argued that these questions led to poorer discussions. When the questions were difficult, the students described them as "good", "more educational", and "more motivating".
The teachers' experience and the follow-up phase The teachers' perception of the clicker interventions was generally positive, and all teachers stated that they would like to use response technology more in the future. As shown in Table 8 , the teachers appreciated the immediate feedback on student understanding, increased student engagement and attention, the breaks in the lecture, and that the interventions offered a new way of preparing for and structuring the lectures. One of the teachers also experienced the students as easier to engage in plenary discussions later in the semester. He speculated on whether the interventions had functioned as an "ice breaker" earlier in the semester, and that this had also helped the students to get involved in lectures without the use of clickers.
The only negative experiences mentioned by teachers were related to loss of time due to the interventions. Two teachers mentioned that the time it took to hand out the clickers was Feedback on student understanding 4 Increased student engagement 3
Increased student attention 2
A break in the lecture 2
A new way of preparing for the lectures 2 a problem. One of them also experienced the transition between the interventions and lecturing as a disturbance. Another teacher stated that the interventions took more time from the lecture than he anticipated. These objections seem to have been experienced as minor disruptions. However, one of the teachers said that even though his experience with clickers had inspired him to use online response technology in other lectures, he would hesitate to use clickers again because of the time it took to distribute them. Although too much time spent handing out the clickers is irritating, and noise in the transition period between the interventions and the lecture is undesirable, the fact that the clicker interventions take time from the lecture is not necessarily negative in itself. One of the teachers stated that he considered the interventions as useful for slowing down the tempo and reducing the amount of material presented. He argued that it might be better to focus on a few important points rather than provide the students with lots of information where little or nothing is retained.
Since the interventions decrease the length of the lecture, the teachers need to select carefully what they want to cover. Two of the teachers mentioned that planning the interventions and creating the clicker questions challenged them to focus on what is most important to convey: This might be an additional benefit from using clicker interventions that has been overlooked in previous studies, suggesting that planning the interventions could contribute to raising the teacher's awareness of the content. Using a new approach to teaching also challenges the teachers' traditional conception of a successful lecture. In a traditional lecture, a teacher is likely to evaluate the session based on his own experience of performance. With the clicker interventions, the focus shifts from the teacher to students. One of the teachers made an interesting reflection on this when talking about how he experienced the time spent on the interventions: All these interventions took a lot of time as well, so it was a bit choppy and I lost a bit of my own sense of progress, but I'm just not sure that… when you are talking, I know that psychologists say that time goes much faster for you than for the audience, and you may, subjectively, experience that you have great drive and great coherence, but it is not certain that the students are experiencing it the same way, although I feel that I have a very driving lecture with a lot of punch and energy, it may well be that the students fall asleep after a quarter of an hour. But here they were more engaged. So how they felt about it and how I experience it are two different things.
In the excerpt above, the teacher addresses the difference between his experience as a teacher and the experience of the students. Even though the teacher might consider his lecture successful because he was able to convey what he considers most important to his students, this does not mean that the students learned anything. All four teachers recognized the value of the interventions as an instrument for assessing the students' understanding and using the information in situ:
You get immediate feedback on whether what you have explained has been understood generally when you apply it on an example. If there are many incorrect answers, this indicates that it is generally not understood and that there is a need to elaborate more. So it works in the sense that you get immediate feedback on whether there is a need to say something more about a point or whether to proceed.
The students also experienced the teachers using the feedback from the clickers to explain better and clear up misunderstandings. Several students emphasized that they appreciated that the teachers took the time to follow up on the student answers that were incorrect as well as the correct one. They argued that this made them more aware of "why" the different alternatives were correct or incorrect. Some students also mentioned that they found the teacher's follow-up important to confirm their own understanding. Although the teachers seemed to value and use the feedback information in situ, only one teacher mentioned the interventions as useful for planning future lectures. He considered the interventions useful for both adjusting the focus of future lectures and making adjustments in the reading lists.
Discussion and conclusion
As illustrated in Table 9 , the findings can be organized in two main types of feedback: feedback contributing to self-monitoring (for both student and teachers) and feedback contributing to an increased content understanding (for students). Table 9 How feedback from the clicker interventions is received and used by students and teachers.
In the first case, the survey data show that most of the students' experienced feedback from the clicker interventions that contributes to self-monitoring. The students wrote in their logs that the interventions supported their self-monitoring by increasing their awareness of their own understanding of various concepts (feed back). They also wrote that the interventions made the lectures better organized, and made the students more aware of important concepts and how they were related (feed up). With regard to the question of how to improve (feed forward), the students seemed to be most focused on the clicker interventions as an event taking place in the lecture, and less focused on how the information could be used later on. Although many of the students experienced that the interventions pro- 
Students' experience
Increased awareness of important concepts and how they are related.
More structured lecture.
Increased awareness of their current understanding and misunderstandings.
Adjust their focus when studying.
Use clicker questions when practicing
Discuss various concepts with peers Increased retention.
New knowledge constructed through the peer discussion and the teacher's explanation.
Student performance
Peer discussions enhance student performance.
Teachers' experience
Increased awareness of what is most important for the students to learn.
Increased awareness of the students understanding.
Synchronous: Explain key concepts and use more time on difficult parts.
Asynchronous: Make adjustments in the reading list and adjust future lectures.
vided them with feedback on their own understanding, only 11 (out of 23) students wrote that they used this information in their coursework. Furthermore, only three of these wrote that they used the information to adjust their focus when studying. The others wrote that they use clicker questions when practising and discussing various concepts with their peers. These activities seemed to help the students organize and clarify the various concepts. It is known that it is challenging for first-year students to choose a productive focus (Nicol, 2009 ). If the clicker interventions can contribute to give the students a better overview of what is important in the course and help the students monitor their own understanding, this could be important support for these students. Our findings and the findings from previous studies (Egelandsdal & Krumsvik, 2015; Ludvigsen et al., 2015) show that most students do experience feedback that helps them monitor their own understanding from the clicker interventions. When it comes to acting on this feedback, however, there seems to be a feedback gap for many students.
The variations in whether students use the feedback from the interventions, and how they use it, is likely related to individual differences in student understanding, motivation and ability self-regulate their studying. In a review, Jonsson (2013) found that a number of students use feedback passively as an indicator of progress or to motivate themselves, but they lack strategies for using the feedback actively. This also appears to be the case in our study; many of the students whose experience was that the interventions made them more aware of their understanding do not appear to use this information in their coursework. Students' decision to use feedback is also related to their perception of the information and the opportunity to use it in near future (Jonsson, 2013) . Although feedback from the clicker interventions can be used immediately, it is not required in the same way, for instance, as feedback on a text that is going to be revised. In other words, feedback from the clicker interventions might not be considered immediately relevant for the students' coursework. In addition, lectures are not the only course activities, nor are they the only source of feedback. Thus, the perceived relevance of feedback from the clicker interventions in the students coursework is at least dependent on the teacher making the students aware of the how she considers the clicker questions in relation to the learning intentions, and the exams (some might be more central than others) and how the feedback could be used (to practise more on topics that are identified as difficult, to use similar questions when practising, etc.). Perhaps even more importantly, the teacher could facilitate activities that are related to the concepts used in the clicker interventions at seminars or through assignments to create opportunities to use the feedback in near future.
In the second case, the survey data show that many students experience feedback contributing to enhancing students' content understanding from the interventions. The students' logs show that the students experienced increased retention and an improved understanding of the topics because of the clicker interventions. Increased retention might be a result of both increased student attention and a "testing-effect", while enhanced understanding of the topics is likely to be related to increased opportunities to construct new knowledge. The quasi-experiment shows that the peer discussions might be particularly useful for immediately improving the students' understanding of the topics. The average improvement resulting from the discussions is 10 percent. This is notable considering the shortness of the discussions (two minutes) and the sizable sample (6772 student responses) on which the findings are based. Consequently, the results support previous findings on the effects of peer discussions in clicker interventions. As previous studies have shown, the clicker results may sometimes misrepresent the students' understanding (James & Willoughby, 2011; J. K. Knight et al., 2015; Wood et al., 2014) ; that is, correct answers do not always mean that the students have understood the concepts well, and incorrect answers do not always mean that the students have little or no understanding. On the other hand, the benefits from peer discussions are not necessarily dependent on the students improving their answers after discussing. One student experienced the interventions as useful for reflecting on her own understanding even though she answered correctly both before and after the discussion. Another student experienced that she changed from a correct to an incorrect answer because of the discussion. Although such instances do not have a positive effect on the clicker results, they might still help the students to monitor and develop their understanding. This illustrates the importance of looking at the peer discussions and clicker interventions from a variety of perspectives.
All the teachers perceived the interventions to be useful for gaining insight into the students understanding and using this information in the lecture. The introduction of clicker interventions in the lecture seemed to create a shift, for some of the teachers, from focusing solely on their own presentations of the content to the students' understanding of the subject matter. The findings indicate that the use of clicker interventions helped the teachers to assess and get a more realistic picture of how the students understand the topics of the lecture (feed back). This is important because the teachers' understanding of a domain, as experts, radically differs from their students who might be introduced to various concepts for the first time (Hrepic et al., 2007) . It seems that the interventions also contributed to raising some of the teachers' awareness of what is important for the students to learn (feed up). Two teachers stated that constructing the clicker questions truly forced them to focus on what was essential in their lecture. The teachers followed up on the student responses by asking them to explain their choices and provided them with their own explanations for the incorrect and correct alternatives (feed forward). The students expressed their appreciation of the follow-up by the teacher and said that this contributed to developing or confirming their understanding. Some students emphasized that it was useful that the teachers also followed up on the alternatives that were incorrect. Like the students, the teachers seemed mostly interested in the clicker interventions as an event taking place in the lecture, and the immediate use of the information. One of the teachers stated that he considered the information from the interventions useful for planning future lectures and for making adjustments in the students' reading lists. The others seemed less focused on how they could use the information in future teaching activities. These findings indicate that there is a feedback gap for the teachers as well as the students.
It might not be surprising that the teachers are less concerned with using information from the interventions after the lectures. Since the teachers used response technology for the first time, it is likely that their efforts and focus were primarily directed at getting the interventions working as an integrated part of their lectures. Studies have found, however, that teachers' perceived advantages increase as they became more experienced with using clickers (Draper & Brown, 2004; Kolikant et al., 2010) . For instance, Kolikant et al. (2010) studied three teachers who had been using clickers 2-4 times before. They found that even though the teachers initially had started using SRS to change their students (to make them more active in class), they experienced that using the technology also transformed their teaching. As Boscardin and Penuel (2012, p. 404 ) have noted, the use of clickers requires teachers to develop expertise not only in the topics of the lecture and creating appropriate questions, but also in "pedagogical skills to adjust and modify instruction..". In other words, using feedback from the interventions requires both additional effort and a pedagogical understanding of how to use the information. This is something that is likely to improve with experience. Nevertheless, the teachers may also benefit from initial support in aligning the use of response technology with the course as a whole and in utilizing feedback from the interventions. Not all insights can be gained from personal experience.
Limitations and suggestions for further research
While zooming in on how students and teachers receive and use feedback from clicker interventions provides us with a focused view of the instructional design, a limitation is the lack of information about how the interventions can be related to the course as a whole. We believe that the next step would be to study the clicker interventions in a broader perspective, that is, how lectures and clicker interventions can be aligned with other course activities, the overarching learning intentions and exams. When it comes to student feedback, the focus of this study was on feedback information. We did not study the affective side of feedback. We believe that considering clicker intervention feedback from both an informational and affective perspective may help explain differences in the students' use of feedback in their coursework. We also believe that it would be purposeful to study teachers' professional development (with and without external support) over time with the use of response technology, and how this affects students' reception and use of the feedback.
